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Abstract 
Objective 

To provide a device for detecting an object buried underground and which can detect an 
object buried underground without digging it out of the ground and can obtain much information 
regarding that buried object. 

Constitution 

The device of the present invention has the following: a ribbon-shaped sheet 12 set near 
an object buried underground; a transponder 10, which has an integration element 16 used for 
storing information and a long loop antenna 14 that is connected to the integration element and is 
arranged on the ribbon-shaped sheet in the length direction of the sheet, and which converts 
information stored in the integration element into an electromagnetic wave with a signal received 
by the long loop antenna used as operating power and sends out the obtained electromagnetic 
wave; a transceiver 20, which sends a signal as an electromagnetic wave to the transponder and 
receives a signal sent from the transponder; and a computer 22, which controls sending/receiving 
of signals with respect to the transceiver and displays the information stored in the integration 
element from the signal obtained from the transponder via the transceiver on an auxiliary display 
device. 
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Claim 

A device for detecting an object buried underground characterized by having the 
following: a ribbon-shaped sheet set near an object buried underground; 
a transponder, which has an integration element used for storing information and a long loop 
antenna that is connected to the integration element and is arranged on the ribbon-shaped sheet in 
the length direction of the sheet, and which converts information stored in the integration 
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element into an electromagnetic wave with a signal received by the long loop antenna used as 
operating power and sends out the obtained electromagnetic wave; 

a transceiver, which sends a signal as an electromagnetic wave to the transponder and receives a 
signal sent from the transponder; and 

a computer, which controls sending/receiving of signals with respect to the transceiver and 
displays the information stored in the integration element from the signal obtained from the 
transponder via the transceiver on an auxiliary display device. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a device for detecting an object buried underground and 
which can detect an object buried underground, such as a water pipe or gas pipe, above the 
ground. 

[0002] 
Prior art 

Conventionally, when repairing a gas pipe, water pipe, power cable, communication 
cable or other objects buried underground or when burying new objects near existing buried 
objects, it is necessary to dig into the ground. In the aforementioned digging operation, the 
buried objects can be damaged by a power shovel or another digging machine. Therefore, a 
buried object sign that shows the type, specifications, burying date and other information of the 
buried object or a warning is buried together with the buried object at an underground location 
above the buried object. Such a buried object sign is disclosed in Japanese Kokai Patent 
Application No. Sho 61[1986]-59084. However, since this method simply buries a buried object 
sign underground, it cannot obtain the type, specifications, burying date or other information on 
the buried object without digging into the ground. Therefore, various types of devices used for 
detecting information above the ground regarding a buried object without digging into the 
ground have been proposed. 

[0003] 

For example, the following means have been proposed. 

(1) At the place where a buried object, such as a water pipe, is believed to be buried, an 
electromagnetic wave is radiated underground from any spot above the ground. An induced 
electromotive force is generated in a water pipe existing in the radiation range of the 
electromagnetic wave. Then, the presence/absence of the pipe can be detected by detecting an 
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induced magnetic field generated by the induced electromotive force at a place away from the 
radiation spot. 

[0004] 

(2) When burying an object underground, an identification sign prepared by forming a 
metal foil, such as an aluminum foil, on one side of a long ribbon-shaped nonelectroconductive 
member is buried between the buried object and the ground surface. By using the same method 
described in said (1), the presence/absence of the buried object can be detected by detecting the 
identification sign. 

[0005] 

(3) A capacitor is connected to both ends of a conductive wire formed in a wheel shape. 
A resonator that resonates at a special frequency (identification sign) is buried near the buried 
object. An electromagnetic wave having the same frequency as the resonance frequency of the 
identification sign is oscillated intermittently and is radiated underground. It is possible to detect 
the presence/absence of a water pipe by receiving a wave reflected from a water pipe existing 
underground. Also, when the identification sign absorbs oscillation energy on the oscillation side 
and an electromagnetic wave oscillating using that energy is received, it is possible to detect the 
position of the water pipe (see Japanese Kokai Patent Application No. Sho 60[1985]-230076). 

[0006] 

(4) When burying a water pipe, a resonator (identification sign) that resonates at a 
specific frequency is buried near the water pipe. An electromagnetic wave having the same 
frequency as the resonance frequency of the identification sign is oscillated intermittently and is 
radiated underground. A detecting device that can detect the fact that the oscillation energy is 
absorbed by the identification sign is used to detect the spot where the maximum absorption of 
oscillation energy occurs. In this way, it is possible to detect the position of the water pipe (see 
Japanese Kokai Patent Application No. Sho 48[1973]-27762). 

[0007] 

Problems to be solved by the invention 

However, the aforementioned methods have the following problems. 

[0008] 

In said method (1), after confirming the existence of a water pipe, it is necessary to move 
the detection spot far away from the electromagnetic wave radiating spot in order to detect the 
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burying direction of the water pipe. However, as the detection spot is moved away, the level of 
the detection signal on the side of the detection spot drops gradually. Therefore, when detecting a 
water pipe along its burying direction, a continuous detection signal at a constant level cannot be 
obtained. If there is electroconductive foreign matter between the water pipe and the ground 
surface, it is difficult to distinguish the foreign matter from the water pipe. In other words, it is 
difficult to correctly identify the object and a non-object. Therefore, the radiating point must be 
moved at a spacing such that a continuous detection signal at a constant level can be obtained. In 
that case, however, the detection is time consuming, and the operation efficiency becomes poor. 
It is also difficult to confirm a T-shaped branch point or a cross-shaped branch point from a 
detected magnetic field. In addition, whether or not the detected object is the targeted object 
cannot be determined. As a result, the operation is necessarily dependent on trial digging. In 
recent years, more and more pipes use vinyl chloride or other non-conductive materials. Since no 
induced electromotive force can be generated for these non-conductive materials, the object 
cannot be detected. 

[0009] 

In said method (2), since an identification sign having a metal foil is used, pipes made of 
vinyl chloride or other non-conductive materials can also be detected. However, like said method 
(1), a continuous detecting signal with a constant level cannot be obtained when detecting the 
identification sign along its burying direction, and it is difficult to confirm a T-shaped branch 
point or a cross-shaped branch point 

[0010] 

In said method (3), since an identification sign with a special configuration is used, 
whether or not the buried object is made of a conductive material or a non-conductive material, 
its presence and the position of a branch point can be confirmed. However, the identification sign 
must be arranged along the pipe in order to detect a pipe made of a non-conductive material 
along its burying direction. In that case, in order to obtain a continuous detection signal with a 
constant level when detecting the pipe along its burying direction, the arrangement interval of the 
identification sign must be shortened. Consequently, many identification signs are needed, and 
the cost is increased. 

[0011] 

Said method (4) has the same problem as said method (3). In addition, many 
identification signs are needed in order to obtain a continuous detection signal with a constant 
level when detecting a pipe made of a conductive material along its burying direction. 
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Consequently, the cost is increased. As described above, in the aforementioned methods, when 
detecting a pipe along its burying direction, complicated detecting operations and expensive 
equipment are needed in order to correctly distinguish the targeted pipe from other pipes and 
foreign matter. 

[0012] 

An identification sheet comprised of a coiled conductive wire and a capacitor connected 
to the two ends of the conductive wire was disclosed in Japanese Kokai Patent Application Nos. 
Hei 2[ 1990]-2531 87, Hei 2[1990]-253187 and Hei 4[1992]-93687. In this case, an 
electromagnetic wave with a prescribed frequency is oscillated from above the ground, and an 
electromagnetic wave radiated as a result of resonance with the aforementioned electromagnetic 
wave, that is, a secondary electromagnetic wave, is detected. By using this identification sheet, 
the buried object can be detected in the ground before trial digging, and the buried object can be 
identified depending on the resonating frequency. For this type of identification sign, the type of 
buried object can be identified, for example, a water pipe can be distinguished from a gas pipe by 
using a tuned frequency. However, other information cannot be obtained. For example, it is very 
complicated and unrealistic to detect the management company of the buried object, the material, 
size, burying depth, burying date or other information on the buried object. Also, none of the 
aforementioned methods can update the detection time or detection content in order to facilitate 
future detection when detecting or inspecting a buried object. 

[0013] 

The objective of the present invention is to solve the aforementioned problems by 
providing a device for detecting an object buried underground, which can detect an object buried 
underground without digging it out of the ground and which can obtain much information 
regarding that buried object. 

[0014] 

Means for solving the problems 

The device for detecting an object buried underground and disclosed in the present 
invention has the following: 

® a ribbon-shaped sheet set near an object buried underground; 

® a transponder, which has an integration element used for storing information and a 
long loop antenna that is connected to the integration element and is arranged on the 
ribbon-shaped sheet in the length direction of the sheet, and which converts information stored in 
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the integration element into an electromagnetic wave with a signal received by the long loop 
antenna used as operating power and sends out the obtained electromagnetic wave; 

(D a transceiver, which sends a signal as an electromagnetic wave to the transponder and 
receives a signal sent from the transponder; and 

® a computer, which controls sending/receiving of signals with respect to the transceiver 
and displays information stored in the integration element from the signal obtained from the 
transponder via the transceiver on an auxiliary display device. 

[0015] 
Operation 

In the detecting device disclosed in the present invention, a ribbon-shaped sheet and a 
transponder having a long loop antenna arranged along the length direction of the ribbon-shaped 
sheet and an integration element connected to the antenna are buried near an buried object. A 
signal from a transceiver is sent as an electromagnetic wave to the antenna of the transponder. 
With the signal received by the antenna used as operating power, information stored in the 
transponder is then sent to the transceiver. In this way, the buried object can be detected by the 
transponder underground using the transceiver above the ground. The signal received by the 
transceiver is sent to a computer and is displayed on a display device. Also, the integration 
element incorporated in the transponder can store much information, which can be displayed on 
the display device. In this way, not only the type of buried object but also information needed for 
managing the buried object can be grasped correctly and easily without digging into the ground. 
Also, if the buried object is a pipe, by burying the long antenna along the burying direction of the 
pipe, a continuous detection signal at a constant level can be obtained. Consequently, the burying 
direction of the buried object can be detected easily, and it is possible to detect along the burying 
direction. The arrangement interval of the transponder can be increased. In addition, if a 
rewritable RAM type integration element is used, after the transponder is buried, the detection 
data and detection content can be updated above the ground when detecting or inspecting the 
buried object. This updated information can then be detected in the future. 

[0016] 

Application example 

An application example of the present invention will be explained in the following. The 
device for detecting an object buried underground disclosed in this application example is 
particularly suitable for detecting a water pipe or other pipes. The device is comprised of a 
ribbon-shaped sheet buried underground together with the buried object, a transponder mounted 
on the ribbon-shaped sheet, a transceiver that sends a signal to the transponder and receives a 
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signal from the transponder and a computer that controls sending/receiving of signals with 
respect to the transceiver and displays information stored in the integration element from the 
signal obtained from the transponder via the transceiver on an auxiliary display device. 

[0017] 

The ribbon-shaped sheet used in this application example is buried underground above 
and close to the buried object. If the buried object is a pipe, the sheet is buried such that its length 
direction is along the pipe. If the buried object is a normal water pipe, the ribbon-shaped sheet 
preferably has a length of 10 m and a width of 15 cm. There is no special limitation on the 
material of the sheet. Various types of synthetic resin films and cross sheets can be used. Among 
them, a stretched tape made of a high-density polyethylene resin is preferable. The stretched tape 
can be manufactured as follows. A film made of a high-density polyethylene resin with a density 
of 0.94 g/cm 3 or higher, preferably, in the range of 0.951-0.954 g/cm 3 , and a melt flow index 
(MFI) in the range of 0.1-3 g/10 min, preferably, in the range of 0.3-1.5 g/10 min, is molded 
using a T die method or inflation method. After the film is cut into a prescribed size, it is 
thermally stretched at a desired rate. It is also possible to use polypropylene or another polyolefin 
resin instead of polyethylene resin. It is also possible to use a laminated sheet formed by 
laminating plural films. In this case, it is preferable to bond a film to a cross sheet used in 
manufacturing the aforementioned stretched tape. The film can be a polyethylene film. However, 
it is preferable to use a biaxially stretched polypropylene film, a biaxially stretched 
polyethylene/terephthalate film, or a biaxially stretched nylon film with a certain level of gas 
barrier capability and having both rigidity and heat resistance. Compared with monoaxially 
stretched film, biaxially stretched film has high mechanical strength, such as tensile strength and 
impact strength, and better dimensional stability. 

[0018] 

Transponder 10 shown in Figure 1 is comprised of integration element 16 used for storing 
information and loop antenna 14 connected to said integration element 16. Integration element 
16 can be any commercially available memory device, such as a ROM type memory device for 
read only or a RAM type memory device for random access. It is preferable to keep integration 
element 16 in a protective case for protection against the weight of sand and soil, etc., and 
against sinking or vibration of the foundation. The protective case can be made of a polyolefin, 
especially polyethylene or polypropylene or another synthetic resin. These synthetic resins, 
however, have poor durability and an insufficient gas barrier capability against oxygen or 
hydrogen sulfide existing in the ground. Examples of preferable synthetic resins used for the 
protective case include polyethylene terephthalate, polyamide, ethylene-vinyl alcohol copolymer 
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resin (EVOH: ethylene-vinyl acetate copolymer saponified compound), vinylidene chloride resin 
(PVDC), glass, etc. These synthetic resins can be used either alone or as a mixture of several 
types. 

[0019] 

Antenna 14 is a long loop antenna as shown in Figure 1. A conductive wire can be used. 
Said loop antenna 14 is mounted on sheet 12 such that its long part is along the length direction 
of ribbon-shaped sheet 12. The antenna is buried underground. The antenna can be mounted 
using any method as long as it is fixed on the surface of sheet 12. When the antenna is 
sandwiched between layers of an aforementioned laminate sheet, corrosion of the loop antenna 
can be prevented, and the durability can be improved. In that case, it is undesirable to use a 
material that can block electromagnetic waves for the sheet that covers the loop antenna because 
the sending/receiving sensitivity of the transponder will be decreased. The loop antenna can also 
be directly mounted on the buried object or set in the earth near the buried object instead of being 
mounted on the sheet. However, using these methods to install or arrange the loop antenna is 
tedious, and the operation efficiency is poor. 

[0020] 

As shown in Figure 2, transponder 10 is buried near buried object 18 together with sheet 
12 whereon loop antenna 14 is mounted. When detecting buried object 18, computer 22 is 
operated to send a signal as an electromagnetic wave from transceiver 20 connected to the 
computer to the loop antenna 14 of transponder 10. Transponder 10 uses the signal sent from 
transceiver 20 as operating power and converts information stored in integration element 16 and 
sends out an electromagnetic wave from antenna 14. The signal is received by transceiver 20, 
which sends it to computer 22 connected to the transceiver. It is preferable that the transmitted 
signal have a relatively low frequency for low noise. For example, a frequency of 134 kHz is 
convenient. The signal sent from transponder 10 is transmitted to computer 22 via transceiver 20. 
Information stored in integration element 16 is displayed on a display device attached to the 
computer. If the integration element 16 of transponder 10 is of the RAM type, updated 
information can be input into computer 22 and transmitted as an electromagnetic signal from 
transceiver 20 to transponder 10. In this way, new information can be stored or rewritten into 
integration element 16. Also, transceiver 20 and computer 22 can be connected separately or 
combined as one. 
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[0021] 

A conventional commercially available transponder and transceiver can be used. 
However, since it is buried underground, a conventional transponder cannot be used directly if its 
communication characteristics or durability is improper. In that case, it is necessary to form the 
aforementioned special antenna so that the device can be buried underground. 

[0022] 

According to this application example, since the integration element can store much 
information, a large amount of information can be obtained from the transponder during the 
detecting operation. For example, if the buried object is a pipe, the managing company of the 
pipe, the application of the pipe (tap water pipe, sewage pipe, gas pipe, communication cable, 
power cable, etc.), the material of the pipe (steel pipe, cast iron pipe, polyethylene pipe, Hume 
concrete pipe, etc.), size, burying depth, burying date, management number, name of the 
company that executed the project, auxiliary code, etc., can be stored and then read out. Since 
this information is stored in the integration element before burying, the transponder can be 
buried together with the buried object. If the integration element is of the RAM type, information 
from a post-burying inspection or detection can be input into the computer, sent from the 
transceiver and rewritten into the integration element. 

[0023] 

Since the device for detecting an object buried underground disclosed in this application 
example takes advantage of transmission of an electromagnetic signal, it is able to detect a buried 
object without digging into the ground. Also, it is possible to obtain much information, including 
the type, specification, burying time, etc., of the buried object. Consequently, the buried object 
can be identified easily and correctly. Also, since the long antenna is arranged along the buried 
object, the burying direction of the buried object can be detected easily when detecting the buried 
object. For the aforementioned conventional detecting means, many identification signs must be 
buried. In this application example, however, by using a long antenna, a continuous detection 
signal at a constant level can be obtained along the burying direction. The arrangement spacing 
of the transponders can be increased significantly, and the number of transponders used can be 
reduced. Consequently, the number of required transponders can be reduced; the efficiency of 
the burying operation can be improved; and the detecting operation can be simplified. As a 
result, the cost can be cut. Also, for a conventional device for detecting an object buried 
underground, since judgment is made mainly based on the vibration of the needle of a meter, 
much experience and skill is required. In this application example, however, since information 
sent from the transponder is displayed as text, a table or a diagram on the display device of the 
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computer, the information can be grasped very easily and clearly. Also, the information can be 
stored in the computer or printed out, which can significantly reduce the work of the on-site 
operator. Also, since the material of the buried object is irrelevant, the device of the present 
invention can be used for a buried object of a conductive material or a non-conductive material. 
In addition, for the detecting device disclosed in this application example, since the transponder 
uses the signal sent from the transceiver as operating power, no battery is needed, and the service 
life is long. Consequently, maintenance work is reduced so that the device can be safely buried 
underground for a long time. 

[0024] 

Effect of the invention 

For the device for detecting an object buried underground disclosed in the present 
invention, the signal from the transceiver is sent as an electromagnetic wave to the transponder 
having an integration element and a long loop antenna and buried near the buried object. With 
that signal used as the operating power, the transponder sends information stored in the 
integration element back to the transceiver. The information stored in the integration element is 
displayed on a display device by the computer connected to the transceiver. Also, the integration 
element incorporated in the transponder can store much information, which can be displayed on 
the display device. Consequently, not only the type of buried object but also information needed 
for managing the buried object can be grasped correctly and easily without digging into the 
ground. In addition, the information can be stored in the computer or printed out, which can 
significantly reduce the work of the on-site operator. Moreover, since the long antenna is 
arranged along the buried object, a continuous detection signal at a constant level can be 
obtained along the burying direction, and the burying direction of the buried object can be 
detected easily. Also, since the arrangement spacing of transponders can be increased 
significantly, the number of transponders can be reduced. Consequently, the number of required 
transponders can be reduced; the efficiency of the burying operation can be improved; and the 
detecting operation can be simplified. 

[0025] 

Also, since the material of the buried object is irrelevant, the device of the present 
invention can be used for a buried object of a conductive material or a non-conductive material. 
In addition, for the detecting device disclosed in this application example, since the transponder 
uses the signal sent from the transceiver as operating power, no battery is needed, and the service 
life is long. Consequently, maintenance work is reduced so that the device can be safely buried 
underground for a long time. If a rewritable RAM type integration element is used, after the 
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transponder is buried, new information can be written into the integration element from above 
the ground. This information can then be detected in the future. Therefore, the device is very 
effective and convenient to use. 

Brief description of the figures 

Figure 1 is a plan view illustrating the transponder and sheet of the present invention. 
Figure 2 is a schematic diagram of the detecting device disclosed in the present invention. 

Explanation of symbols 

10 Transponder 

12 Sheet 

14 Antenna 

16 Integration element 

18 Buried object 

20 Transceiver 

22 Computer 




Figure 1 



22* 



///// s/////j//: r rs/t / /r 



10 




Figure 2 



(19)n*H»HFJf (J P) 



C2) & M # ft & $g (A) 



(11)4 

ftWW -43460 

(43)&SBB ¥fc£7^(1995)2m4B 



(SDlnt.Cl. 6 




F I 




G 0 1 S 13/88 


G 8113— 5 J 






13/74 


8113— 5 J 






G 0 1 V 3/00 








3/12 


B 9406 -2G 








9406 - 2G 


GO 1 V 


3/ 00 B 








*1S:& ISSUES 1 OL (i6I) 


(21)fflRS^ 


4$H¥5- 184233 


(7i)a5SA 


000206163 
















TtT T^ -*tgrh rh KT □ fft ,U ttl BTT >1 # 1 Ft 






(72)$89» 


S ff * 








3lCft»**KB#«ffl3*r-TS 3 #15^ 
















** « 








S3Kffi»P*IZB*««S»I-TB 3#15^ 














(72)5693* 


OJffi 








jcecis«fftKn*«4BSBr-Ts 3 #15^ 














(74)ft31A 




(54) [fS93<D*;»] 









(57) CS»] 



~7~/ /////// / 



10 



-12 



18 



—473— 



(2) 

1 

*««©->- h£. 

ssfc^ceaanx^fctfafctts©^ x^w ics 
■rsjfi*ssM»ro*ttiiStffi. 

[0 0 0 1] 

[£*±©fUffi#»] arenas nfc*ii 

«^#Xff$©ifc*gKftSJl!U:a>&*WT*Ja+iI§8 a? 
[0 0 0 2] 

[«*©&«] se*. HsfKSfsan&fl*®. iT* 

-: 5/* "UMFeflUfllC J: t>MMfnft<!M£3t*fc B . 

««XELfcamiNi«*NHb&*icmKu imb* 

£5 LfcfflSttgttfcLT. ffJAtf, 1$MBa6 1-59 
0 8 4 ^iMtCEKSftT^-a U**U C 

r. *fc'^ffiT$>-Dfc. -err, jftffisjBDfici-r^t 

fc<. ift±;frSSS&©tfff8£8S«ai?&#a*&ffl 

[0003] mtf. «T©«fc5fc*&a<&5. 

(i) jft^aa:*. *a«*«aaatiTv»-5t 

HHtT«Btt*ttltU £©*fi&fc©;&8*«Hl*JlC?¥SE 

[0004] ( 2 ) tt+flRftaaflMic fiR$#© 

*W«1tfiS«©-^r©ffilC7JU5IP©&JHfBS:ffi:Wfe« 

«***©aa#^**©iiOKttaLT*<. -f-ur. 50 



ftBB¥7-4 3 4 6 0 

2 

±SE (1) ©^RiH«©2Fftl::«fc-3T. gSfcfc&tb 

-r •& c i tcfc -d xmmmoi^m ssss-r * . 
[0005] (3) tkmzj&&^t\rtmm<Dmmzzi> 

««R«©fittCaRLTJ3<. *UT. *©« 

fti" 5 S ©EltiS 5 £ £ K £ o T 8# 

aW©*a*i«U S SC. aMWtfX*fl©KJBx 

*JM=*ftiKU C©x*;M=K:J:t3TSHrr**«« 

C t K «k 0 #i£§©#j£®af ©&g 
* (&RB3 60-230076 *f &«#B8> . 

[0006] (4) *at ©atw#»r, «p«©^«»c 

-5. *t/T. itfE«ia»©*SWKfti:[B)-©W«»© 

*LT. ftax*jlr?]fiWtt#lZ*R£tt«::&«Mil 
T*S«ttM*)BHT. »«x*;u*jWR*i=B«a 
n-5 jftjft **MHT 5 C t IC «fc t> T*ae4>ffll Sff 
5 8-2 7 7 6 2^&fB#SB) . 

[0 0 0 7] 

B8W««»*L±5tr«»«l L*Uttftt&. ±E© 

s^att-€-n-?naTic^-rj;-5/iMS€-*i;st)©T 

[0 0 0 8] ±E (1) ©¥KT«. *£«?©#££« 

BL/ta. cn©aK^fr6i*«2E-r4fca)ic*aijs** 

«jft©»Jt^*»6ifia'»tTt»<*fiA<*5««. d©t*HJ 
MS?ltTVXl:I/fc*«5T. ttffljKfl!l©tttiHI*J© 
ls"<;Utt**l;:*3<&:«. il©&, *igS£-€-©SH 

etflfiat©wic?¥ffi-r2.*^ic. cammtfcm.'gt 

T ...jg© sv\,0)tiatim% 5 C t *t-CS -SffilBSt 

©T&oTW. «*jg«***«4tJ4^©T, c©a© 
[0 0 0 9] ±4i (2) O^a-Ptt. &«}B€:»Wfc« 

e (l) ©*BtPi*ic. «w<$«-?-©aaA-(6]ic»c. 



—474— 



3 

[ooio] ±13 o) ©¥&•?«, m\timf$Ltt? 
*gss#£&ffl-r-&©T. s&&ai5g«i4tm*fcte# 

gsa#£EHLfcttntffc6fcK E®** 

[0 0 11] ±E (4) ©¥a-r*t3T«. ±E (3) 
©^K£ra«©fcjK£:rt -5 *^tt*mTE£ 

&*&£©*#*■&#* -3 it. 
[0 0 12] Sfc. *tSIaiatUTttfc 6 <««#©« 

aa->-h*t*ai$nT^5. 1$«¥2- 2531s? 

^. #BB¥2-2 5 3 1 8 7^. #0BSF4-9 3 6 8 7 

©S«ift£5EfiU ^©«8iSI::#iBLTifcW£ftfc« 
TftfcS 2 &®fc£*&-r* C©g 

5fc£©«nfc2ft*£Wf-6. c©sa 

•J£<©1t?8£f#*Cta<Tg&H. «a«. -*-©«» 

momm. mmt*t&Q. mwt^'sm^^ tun. 
±E^rn©ttdj*gtTa?Tfc§&ter£te^ 

[0013] *%mm&&m$:MVrtz>frtb\zu2ft 
£&©•?. m*\zwwL-&t\zmwito>s:8m&i&*)Uz\-r 
rt*<feasu. i>fr**ami8Lmzw?z>&ik<Dtfiw 

*ift*S5S&©£tti8H£tg<ft-rst>©Ti&-5. 
[0 0 14] 



(3) &BB¥7-4 34 6 0 

4 

& ->- hc mm t ns fl?iE## ^- h ©g* amc »? 

10 

0>-€-©h7>X#>yiC«^$«eifitUTSHSL. 

atr* *>©•?&*. 

[0 0 15] 

a? ->-ht. -£-©*«^-h©fi^r6j«c»oT^3Ban 
h 7 >xtf>#<D7 r >Ti-izT!*&m2Sitfi e>m^£«ffis 

tfGtt L T V» -5 t#« I5i£3f§8 tcStef « *>© 

T?. %±©S§fiSTJft*©h5>^3p>^»CJ:t3Ta 
R*j£l*tti-r*t>©T*5. -f-LT. jgSeSTSfib 

35 -B^aSl^ta. *<©tiflH£E«-f-5::£:©T?£-5*>© 

ft<fc«r«ca:30fi^r«2:ft«. as^Ee-c 

2rftI*ftA levari?. aK^l4e»o^flaEAnatt2: 

h7>X#>^©EHIWRI ; £fi<r-SCi 

fc©£iiffl-rntf. i-7>^^>^&ais:aic, ais* 

[0 0 16] 

MftM] *5S^©-*ifi«»l*eATIc!!S^r5. *SJ6 

SHiUT^IC»ji/it>©T. atSftrt^twlft'f'ICSS 
50 $n-5#tt©->-hi:. -t©->-Hlg*$n-5 
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5 

x y v <i \z <& n > tf .a - * £ ^ & jBt&m & £ n 
[0017] #^te0y<o#ttcov-hB* SsSfe©i5» 

BRL&fcOtBflrc**. Wlc. C©l»r-^L 
TB, ffiK#0. 9 4g/cm 3 J«±#£L<B0. 9 5 1 - 

0. 9 5 4g/cm 3 CD«6H, *^J^7D-Y>ry?X 
(MFD **0. l-3g/10iin.. »*L<ttO. 3- 

1. 5g/iom\n.<Dmm<omftmT$i)jL7u>mmmm7 

Bt>#»T»*. v-MCB, B»©:7-f A^fcMa* 
fctTOS7 5^-hy- hfcju^sn*. 
±EB#x-X*B«LTfc-&£nz>'-H;:, 7*;P 

TH *UX^U->7^;bixTt>fiU^ Iff* KB* 

^ JWA KUfr*T5IB 0 B3 ^SSSS;* ft £CD««5IK3»t 

[0 0 18] BlfcSt h^>X#>y 1 OB, HHR& 
Ett*r^*«*^ 1 6 t. *0$kftm? 1 6 
*-77>irJ- 1 4 tT«K«^$n^. £BS?1 6 
B, R*0»fflffl©aA^-fyt, K®t)lCjDAT»i^ 

fflnc^tt^. mnxri 6B±o«tiDB 

*^»BttT^BBai:©»Btl/T. «B4r-*fclA 

BT*cfc*«»*u>. «i*-^iim #»j*u 
BBB©fe©*flW"ee«3ft«. cn6»4iB*K#«rr« 

-*®afflfc#*Uv&dcttBil,Ttt, #ux?u> 
x 1/7*1— K #1175 1*. x^i/>-t*x;V7;m 
-;U&ffi£#8JJIB (EVOH : X^U>-»Rhfx;Mt 



(4) «i¥7 -4 3 4 6 0 

5 

tt£fc*>ffc») • BfcK^U^BB (PVDC) ft 
*lf>tt;tf?;*tt££Btf*£i#T**. Sfc, CCD* 

[0 0 19] 7>f-±l 4\tm&~c$>t\&m^z>£t& 

<D>— h 1 2®S^Jb-ftK»5.fc5l;:>'-M 2 C^f 

$nt. ifc^icsissn*. BB^ttttBflrfcafeoT' 

BXttfcfli***;:^**?**. ra)Blr 
B, ^-^7>^ftB9S/-h^«Btt«B«J:9a: 

t«»*rfc, *»«RBfc*DttltfcD. SfcliSR 
»08«0±i| | l:EBr*:iMIB'Ctt»*. U^U 

^n^o*ffitc^^^-y7>x^-<D^w^> 

[0 0 2 0] h5>X#>^ 1 Ott, H2irsrJ:5 
K> ;i/-7 p 7>'7 L ^l 4coe^$tlTV^i/-h 1 2i 

*c **HcBttsn*SR«i sflDiSBKSRsn 

fLT. IR«1 8 fittffl-rSBKtt. 3>fcf^- 
^2 2^SftLTcn(C»iR$n^jgSmS2 0*6h 
^>*#>^1 0^-^7>Ttl 4£ff4t&«8ft 
tUTaffT*. h7>^#>^10tt, a&fig2 0 
*»&a«S*ifc««fMMt*iLT, WBUT^Sft 
flMHPl 6 38ftE«bT^*»B*«BttteLT7>y : *' 

mZtl. cniC«BbTViS3>t:aL-^2 2 tees s 
n*. »Bfc«BT*«*tt. {MSR0<ba*ty<f X 
#/hS<ft*«Ifc#*OJMffT»D, 134kHzg£cD 
3>fcfjL-*2 2KBh^>X#> 

yi o^eas«S2 otBTSsnfcBwei* 

MftSTl 63WE«LTl»fc«B*3>hra-*ir 

X#>y 1 0©H8I*^1 6**^A*>f:/-C»fttf. 3 

40 82 0^6M»O«*ilTh5>X*>^l 01:8 
m-r^dtT, «B*^l 6£ft&fc£ttB&E1S£fc 
tt»»AS*5C:t3»«T**. (ft, aSff^2 0i:Zi> 
hra-^2 2ttffl**»BL&t)fl!)T*oTt), tfctt 

— *fcB#ftbanTVi«'boT*oT«iBtottviott 

[0 0 2 1] B. H5>X*>^lttfaatt»tt. B» 
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7 

[0022] ^sseytctfttf. mmmi-\m^\zg'< 

aK«bffl& (±*jI, T*iS. #X«. mt3*r-7 
«a$r-:7jWf) . «H «HS. »«fr. #'JX5=- 
kzx-AW*?) . SffiSffi. asm 

A^-ryT*n«, aK&©fc£ j $»;±rt*rt£&i:©tff« 
[0023] **Sfl^jcofflSftico«iffi^H-r*n«. s 

as«>©«»©is. ^wfflK*©tis^rfi]€:Ssic^a 
tact's, sfc, 858sse*©«a#ati5ViT 
«, *©e»#£#»aa: L&ttntf* ^ tifr^titf, 

©&£fc3SKttfcfl«H*©ffisa*fci::J:o-c. issmic 

6 «IK UT Ufc©T?, IHft«>gj»fc Mfi&Ufr 6-r 
M-CJfeoftjJ*. #£JSW©«ttiaST*ntf, h7> 

ts. ^«©f^i!i*©#nn*»aicBij«f zztwz 
z. aia:«j©»ettiBjt)n^vi©T. as«<3i 
sea**©*,©. ittt^aseea^wferoTJboTfe 
&<. *un&*(Kt>. $e.tc*fc. *ni6w©«ajfi« 

Ttt, h7>X#>^©Sffitt£SfI8Sa>eiit^*n-5 
fI^£ffc»*:*7.!:bTU-5©T. ^-vt-U 

£<t"UTgfl3m. icaKTtrs. 

[00 24] 



#BB¥7-4 3 4 6 0 

8 

[£9§©%i£] *swro^asa:!gi©tfeaaffiij. as 
«»©ifi«(ca^$nfc. $m.m?t&Rt£)\r-77> : r 

©ti?a**r>fxyw"ftcg*3n<b. i?T, as*© 

tfa-*lC&£FLfc9. 7'J>h7£h-f5wi*>-C£ 
SWT, a«Ofl&«0¥n*»ftfcMarr«;:&ftf-C 

^scitatTt. -€-©as*©a»^i6]sss«rttflif 

5CtA«T^5. b^t)K5>XJ}?>^©8BSraiB£* 
i@IZS< -T^) d £A<T£3©T. h 7 >:?©»*< 
'>&<TS?tr. LfcAioT. S^Xtf^C&gSc© 
J:t;aK^©«i^^ 6 tcl±*Ul^©fBSft: 

[0025] as»©«Httwt)nan©T?. a 

2ISfggA^iJI<g*n-5^lwfcJ:oTV^©T?. h? 

as* »cas:-e#*. se&. 

as&ic *a^e>. »e>fcfcft«£S#nuA -seta* 
t#, b^t>. aB-t-©«fran>te.nfcfifas*ffl-r-5 

•5. 

[01] ^lawh^Xtf^ftU^-hfcjjrrsFffi 

[02] *?gB(|cD^ag£Sc7)SJ§«|6JET*4 0 

[??^©«»^] 
10 by>Z#>y 
12 h 
14 7>?-i- 

i6 

1 8 ais«i 
2 0 i£smig 

2 2 3>ti-^ 



—477— 



(6) 
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